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Highlights  
• Simultaneous haplotyping of two miRNA-binding sites in the WSF1 is presented. 
• A combination allele-specific amplification and capillary electrophoresis was used. 
• Ultra-fast size determination of the generated PCR fragments was done by CGE. 
• Excellent detection limit of 2 ng/ml was demonstrated. 
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ABSTRACT 16 
The transmembrane protein wolframin (WSF1) plays a crucial role in cell integrity in pancreatic 17 
beta cells and maintaining ER homeostasis. Genetic variations in the WFS1 gene have been 18 
described to be associated with Wolfram syndrome or type 2 diabetes mellitus. In this paper we 19 
report on an efficient double-tube allele-specific amplification method in conjunction with 20 
ultrafast capillary gel electrophoresis for direct haplotyping analysis of the SNPs in two 21 
important miRNA-binding sites (rs1046322 and rs9457) in the WFS1 gene. An automated 22 
single-channel capillary gel electrophoresis system was utilized in the method that provided 23 
dsDNA fragment analysis in less than 240 sec. The light-emitting diode induced fluorescence 24 
(LEDIF) detection system enabled excellent sensitivity for automated haplotyping of a large 25 
number of clinical samples. The detection limit was 0.002 ng/µL using field amplified injection 26 
from water diluted samples. The dynamic quantitation range was 0.08 - 10.00 ng/µL (R
2
=0.9997) 27 
in buffer diluted samples.  28 
 29 
 30 
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1. Introduction 34 
 35 
Wolframin (WFS1) is a transmembrane protein in the endoplasmic reticulum (ER), which is 36 
produced at higher levels in pancreatic beta cells and specific neurons in the central nervous 37 
system [1]. It plays an important role in the ER calcium homeostasis [1-3] and in the ER stress 38 
response [4]. As an ER stress signaling suppressor it affects the negative regulatory feedback 39 
loop of the ER stress signaling network [5], which is strictly controlled in pancreatic beta cells to 40 
produce adequate amounts of insulin in case of blood glucose levels fluctuation [6,7]. Moreover 41 
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it plays an essential role in the cell integrity of pancreatic beta cells and maintains ER 42 
homeostasis [8]. When the wolframin gene (WFS1) is inactivated in beta cells of rodents it 43 
causes ER stress and death of the beta cells by accelerated apoptosis [9]. Mutations in the WFS1 44 
gene are causing the so called Wolfram syndrome [10], which includes young onset non-45 
autoimmune insulin dependent diabetes mellitus, diabetes insipidus, optic atrophy, deafness or 46 
other neurological and endocrine abnormalities [11,12]. An increased prevalence of diabetes 47 
mellitus in reference to Wolfram syndrome was reported in first-degree relatives of patients [13], 48 
suggesting a probable effect of WSF1 mutation heterozygosis. The occurrence of single 49 
nucleotide polymorphisms (SNPs) in WFS1 has recently been demonstrated to be associated 50 
with type 2 diabetes mellitus in populations of European descents [14-16].  51 
 52 
MicroRNAs are non-coding short ribonucleic acids, which are responsible for the translation 53 
regulation of gene expression. The homeostatic protein level is modified due to the interaction 54 
between miRNAs and its targets, resulting in possible phenotype changes, such as disease. This 55 
modified interaction can be caused by SNPs either in the gene of the miRNA or its target. SNPs 56 
are rare in miRNA-coding genes [17] and referred to as miRSNPs. They were shown to be 57 
associated with different illnesses, such as various types of cancers [18], autoimmune diseases 58 
[19], or neurological disorders [20]. 59 
 60 
Multiplex PCR techniques gained recent popularity in assessing genetic variation by 61 
simultaneous analysis of two or more DNA regions or genetic variations of interest [21,22]. 62 
Development of a multiplex PCR reaction involves the design of the relevant primer sets and 63 
examination of their various combinations, different reaction components and/or thermal cycling 64 
conditions. Multiplexing in this way increases the throughput of the amplification steps 65 
especially when capillary gel electrophoresis is utilized with rapid separation and quantitation 66 
capability for the analysis of the resulting fragments [23]. Multiplexing on the other hand may 67 
lead to unequal amplification, particularly at the larger DNA fragment range, so the above 68 
mentioned reaction design is of high importance [24].  69 
 70 
Simultaneous study of multiple polymorphisms, such as haplotyping, is getting more and more 71 
attention to analyze the genetic background of complex diseases [25]. Haplotype, the relative 72 
chromosomal localization of the alleles of the polymorphic loci, can serve as very effective 73 
genetic markers [26]. Haplotype identification can be accomplished by several ways. One of the 74 
oldest methods is based on the theory of Mendelian inheritance of families or larger pedigrees; 75 
however, this approach has several drawbacks [27,28]. Other methods, such as computer-based 76 
haplotype prediction can also be suitable for haplotypes determination, but haplotypes of 77 
individual samples cannot be obtained by this approach [28,29]. Direct haplotype determination 78 
by allele-specific amplification (ASA), also referred to as molecular haplotyping, is one of the 79 
most efficient and reliable methods that is based on appropriate amplification providing the 80 
required haplotype information without the need of biological parents’ genotype information 81 
[30]. Moreover this technique provides fast and reliable genotyping data of any SNP in a single 82 
3 
 
tube polymerase chain reaction (mPCR) followed by electrophoresis analysis [31,32]. This 83 
amplification method is based on the use of an allele-specific primer as its 3’-end hybridizes to 84 
the SNP site. This is followed by amplification using a DNA-polymerase enzyme, which is 85 
lacking 3’-exonuclease activity, thus, amplification can only be carried out in the case the primer 86 
completely matches with the template. The technique when two allele-specific primers are used 87 
for convenient allelic variant determination in two separate reactions is referred to as double-tube 88 
specific-allele amplification [33]. This novel haplotyping technique was introduced earlier to 89 
investigate the -616CG and -521CT SNPs in the Dopamine D4 Receptor gene by Szantai et al 90 
[24]. The resulting DNA fragments after the amplification process are regularly analyzed by 91 
conventional agarose/polyacrylamide slab gel electrophoresis for genotype or haplotype 92 
determination. However, these methods are labor intensive and time consuming, also requiring 93 
improvements in terms of resolving power and analysis throughput. Recent developments in the 94 
field of capillary gel electrophoresis resulted in rapid electrophoresis-based fragment analysis 95 
techniques that can readily speed up this process. In addition to its speed, capillary gel 96 
electrophoresis offers further advantages over traditional slab gel electrophoresis, such as low 97 
reagent consumption, small sample volume requirement and the option of multiplexing [30]. 98 
CGE combined with light-emitting diode induced fluorescence (LEDIF) detection enables 99 
sensitive detection of dsDNA fragments and can be readily applied for automated large scale 100 
analyses in clinical settings [34].   101 
 102 
In this paper we report on haplotyping (i.e., simultaneous multiple genotyping) of two adjacent 103 
putative miRNA-binding SNPs in the WFS1 gene by combining double-tube allele-specific 104 
amplification and rapid capillary gel electrophoresis with LED-induced fluorescent detection to 105 
analyze the resulting DNA fragments. The detection limit of the method was as low as 0.002 106 
ng/µL using field amplified injection method. 107 
 108 
2. Materials and Methods 109 
2.1. Chemicals 110 
The HotStar Taq DNA polymerase including the 10 reaction buffer and the Q-solution was 111 
used from Qiagen (Valencia, CA, USA) for the allele-specific PCR reaction. The oligonucleotide 112 
primers were obtained from Sigma Genosys (Woodlands, TX, USA). For agarose slab gel 113 
electrophoresis, the 100 base pair DNA ladder (GeneRuler, Thermo Fisher Scientific, FL, USA) 114 
was diluted to a final concentration of 0.5 µg/µL and stored at –20 °C. In CGE separations, the 115 
Qsep100 DNA-CE high-resolution gel buffer and Qsep100 DNA-CE running buffer were used 116 
(BiOptic, New Taipei City, Taiwan). The DNA alignment marker (20 base pair, 1.442 ng/µL and 117 
5000 base pair, 1.852 ng/µL) and the DNA size marker (50–3000 bases, 10.5 ng/µL) were from 118 
BiOptic and stored at –20 °C. The WFS1 PCR samples (576 bp, 253.19 ng/µL) were diluted to 119 
the appropriate concentrations with MilliQ-grade water (Millipore, Billerica, MA, USA) or 120 
dilution buffer (BiOptic) for the detection limit and linearity studies and stored at –20 °C.  121 
 122 
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2.2. Non-invasive DNA sampling and DNA extraction   123 
DNA samples were obtained using non-invasive DNA sampling (buccal swabs) from healthy 124 
Hungarian volunteers. The study protocol was approved by the Scientific and Research Ethics 125 
Committee of the Medical Research Council of Hungary (ETT TUKEB). DNA samples were 126 
purified by standard procedure as described earlier [35,36]. 127 
 128 
2.3. Molecular haplotype analysis 129 
Direct haplotype determination of the rs1046322 and rs9457 SNPs was carried out by allele-130 
specific amplification. The HotStarTaq polymerase kit (Qiagen) was used for the PCR 131 
amplification and each DNA sample was analyzed in two separate reactions. Both reaction 132 
mixtures contained approximately 4 ng gDNA template, 200 µM deoxyadenosine triphosphate 133 
(dATP), deoxycitidine triphosphate (dCTP), deoxyguanosine triphosphate (dGTP) and 134 
deoxythymidine triphosphate (dTTP), 0.5 U HotStar Taq DNA polymerase with 1 reaction 135 
buffer and 1 Q-solution, as well as 1 µM of each outer primer (sense: 5’ TCT GTC CAC TCT 136 
GAA TAC 3’ and antisense: 5’ CAG GCT CTT CTA AAC ACT 3’). Reaction mixture-I was 137 
used to analyze the presence of the rs1046322A and rs9457C alleles, as well as their haplotype, 138 
thus it contained the rs1046322A specific sense (5’ GAG CCT GAC CTT TCT GAA 3’) and the 139 
rs9457C specific antisense (5’ CCA CTA CCT GCT GGA G 3’) primers. Reaction mixture-II 140 
was employed to investigate the other possible variants (rs1046322G-specific sense primer: 5’ 141 
GAG CCT GAC CTT TCT GAG 3’, rs9457G-specific antisense primer: 5’ CCA CTA CCT 142 
GCT GGA C 3’). PCR amplification reactions were carried out in a total volume of 10 µL. The 143 
primers were tested by the Oligo 5.0 software (Molecular Biology Insides, Cascade, CO, USA). 144 
Thermocycling was initiated at 95 °C for 15 min, this step also served for the activation of the 145 
hot-start DNA polymerase. It was followed by 40 cycles of denaturation at 94 °C for 30 s, 146 
annealing at 55 °C for 30 s and then extension at 72 °C for 1 min. The last step of the 147 
amplification was a final extension at 72 °C for 10 min after that the PCR products were kept at 148 
8 °C. 149 
 150 
For the detection limit and linearity studies, the PCR reaction mixture contained approximately 4 151 
ng gDNA template, 200 µM of each deoxyribonucleotide triphosphate (dATP, dCTP, dGTP and 152 
dTTP), 0.05 U/µL HotStar Taq DNA polymerase with 1 reaction buffer and 1 Q-solution, as 153 
well as 1 µM of each primer (sense: 5’ GCC CTT CTC GAG TCT TGC AGC GCC GGA ATA 154 
GGC  3’ and antisense: 5’ GCA GAA GCT TAA GTT GTT CGG GAG CAG CTG AAC G 3’). 155 
The amplification reaction was carried out in a total volume of 100 µL. The first step was the 156 
initial denaturation of the gDNA at 95 °C for 15 min; it was followed by 40 cycles of 157 
denaturation (94 °C, 30 sec), annealing (65 °C, 30 sec) and then extension (72 °C, 1 min). The 158 
last step of the PCR was a final extension at 72 °C for 10 min after that the sample was kept at 8 159 
°C.    160 
 161 
 162 
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2.4. PCR- fragment analysis by agarose slab gel electrophoresis  163 
The PCR products were first analyzed by agarose slab gel electrophoresis. Agarose powder (final 164 
concentration: 2% w/v) was mixed with electrophoresis buffer (1 TAE buffer; 40 mM Tris, 20 165 
mM acetic acid, and 1 mM EDTA, pH 8.0) and heated until the agarose completely dissolved. 166 
Ethidium bromide was added to the melted gel in a final concentration of 0.5 µg/mL. After 167 
solidification at room temperature, 20 ng of PCR products and the 100 bp DNA sizing ladder 168 
(100–1000 bp, 0.5 µg/uL) containing DNA loading Dye (6 loading Dye: 10 mM Tris-HCl (pH 169 
7.6), 0.03% bromophenol blue, 0.03% xylene cyanol FF, 60% glycerol and 60 mM EDTA) were 170 
loaded into the sample wells followed by electrophoresis (100 V for 45 min, BioRad PowerPac 171 
300; Hercules, CA, USA). The separated DNA bands were visualized in a UV light box (Bio 172 
Rad Gel-Doc XR System). 173 
 174 
2.5 PCR- fragment analysis by capillary gel electrophoresis 175 
Rapid capillary gel electrophoresis analysis of the PCR-products were accomplished in a single-176 
channel capillary cartridge Qsep100 DNA-CE unit (BiOptic) with an 11 cm effective length 177 
(total length: 15 cm) fused silica capillary (internal diameter: 75 µm). The capillary was washed 178 
with 5 mL of 70 °C MilliQ-grade water (Millipore) for 500 s before the first use. Then 5 mL of 179 
Qsep100 DNA-CE high-resolution gel buffer was transferred into the gel reservoir and the 180 
capillary was purged twice for 1000 s. The gel-buffer system contained ethidium-bromide to 181 
accommodate fluorescent detection. Prior to each injection the sieving matrix was replaced in the 182 
capillary by means of a 10 s purge step, followed by injection of the DNA alignment marker (4 183 
kV for 10 s). After that the separation capillary was immersed into MilliQ-grade water (0 kV for 184 
1 sec) as a washing step to avoid any sample cross-contamination. The samples (as well as the 185 
DNA size marker and/or PCR-products) were introduced electrokinetically from a 96-well plate 186 
(4 kV for 10 s). Separations were carried out at ambient temperature by applying 6 kV electric 187 
potential. Data analysis was performed using the Q-Expert software package (BiOptic). All 188 
buffers and reagents were filtered through 0.22 µm pore size Acrodisc syringe filters (Millipore, 189 
Billerica, MA, USA) and degassed prior to use. Other reagents and chemicals for sample 190 
preparation were purchased from Sigma-Aldrich (St. Louis, MO, USA).  191 
 192 
3. Results and Discussion  193 
3.1. Direct haplotype determination by allele-specific PCR 194 
Haplotype determination of adjacent polymorphic loci is of high importance, especially in case 195 
of SNPs with biological significance. The rs9457 and rs1046322 SNPs, located in the WFS1 196 
gene 3’ UTR, are assumable miR-SNPs and their in silico data analysis suggested that they may 197 
alter the binding of miR-185 and miR-668, respectively. Consequently in case of double 198 
heterozygote samples (rs1046322AG and rs9457CG) haplotype determination is essential, since 199 
otherwise it is uncertain if the two allelic variants possibly affecting miRNA-binding are located 200 
on the same mRNA (“cis”) or can be found on two different chromosomes (“trans”) as 201 
delineated in Figure 1.  202 
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An allele-specific PCR based approach was elaborated for the haplotype determination of the 203 
two SNPs of interest. The principle of the technique was the simultaneous application of two 204 
outer and two allele-specific primers in a multiplex PCR reaction as shown in Figure 2. The 205 
allele-specific primers were designed to anneal to the SNP by their 3’ end. Based on 206 
chromosomal localization, a sense rs1046322- and antisense rs9457-specific primer were applied 207 
in the reaction. One reaction mixture tested the presence of one allele at each loci as well as one 208 
haplotype combination, consequently two reaction mixtures were required for genotype and 209 
haplotype determination, whereas further two can be applied for conformation (Figure 2). Panel 210 
A in Figure 2 depicts the analysis using reaction mixture-I containing the sense rs1046322A- and 211 
the antisense rs9457C-specific primers. In case of the presence of an A allele at the rs1046322 212 
site, a 488-bp-long fragment was generated by the rs1046322A-specific and the antisense outer 213 
primers. Similarly if the sample possessed the C allele at the rs9457 locus, the primer specific for 214 
this variant together with the sense outer primer could amplify a 437-bp-long fragment. More 215 
importantly, if the rs1046322A and rs9457C alleles are located on the same chromosome, a 384-216 
bp-long product could also be observed as this product is generated by the two allele-specific 217 
primers and suggested the presence of the A–C haplotype. The longest, 541-bp outer fragment is 218 
a control product synthesized independently of the genotype and haplotype of the sample of 219 
interest.  220 
 221 
Reaction mixture-II worked similarly; however, it contained the rs1046322G- and rs9457G-222 
specific primers in combination with the outer oligos as shown Figure 2 Panel B. Thus, a 488-bp-223 
long product could be observed in case of the rs1046322G allele, a 437-bp-long product 224 
produced if the rs9457G allele was present, whereas the 384-bp-long product suggested the G–G 225 
haplotype. Genotype and haplotype information could be unambiguously determined by these 226 
two reactions. For additional validation, two redundant combinations were also applied in a 227 
subset of 24 samples (i.e. rs1046322G allele-, rs9457C allele- and thus G–C haplotype specific 228 
reaction and rs1046322A allele-, rs9457G allele- and consequently A–G haplotype specific 229 
mixture). Results of these analyses confirmed the data obtained by the original setup. Then 95 230 
healthy Hungarian individuals were analyzed by the described method and the obtained results 231 
were in 98.9% concordance with the genotype data determined earlier by an independent 232 
approach employing sequence specific TaqMan probes (data not shown). The single discordant 233 
result could be resolved by a repeated genotype and haplotype determination. 234 
 235 
Figure 2 Panel C shows the conventional agarose slab gel electrophoresis based genotype and 236 
haplotype determination of the rs9457 and rs1046322 SNPs in case of double heterozygote 237 
samples. The 100 bp DNA sizing marker (M) was used with the PCR samples (1 and 2) to assess 238 
the size of the double allele-specific amplicons in the case of both haplotypes verification. One 239 
of the haplotype (rs104632A-rs9457C) was labeled with A and the other (rs104632G-rs9457G) 240 
was indicated with B in Figure 2 Panel C.  241 
  242 
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3.2. Haplotype determination by capillary gel electrophoresis 243 
The final step of the haplotyping protocol was capillary gel electrophoresis based size 244 
determination of the dsDNA fragments from the multiplex amplification reaction. Figure 3 245 
depicts the capillary gel electrophoresis traces of the PCR fragments generated during haplotype 246 
determination. A DNA sizing ladder in the range of 50–3000 bp was used for fragment size 247 
assessment in a final concentration of 10.5 ng/µL (upper trace). The analysis of the mPCR 248 
samples is shown in the middle and lower traces. The samples were coinjected with the lower 249 
and upper alignment markers (M1: 20 bp dsDNA and M2: 5000 bp dsDNA) to attain high 250 
fragment sizing accuracy. The middle trace in Figure 3 shows the separation of three dsDNA 251 
fragments from the multiplex amplification reaction mixture-1 with calculated sizes of 454, 500 252 
and 583 bp fragments, corresponding to 437, 488 and 541 bp of the actual PCR reactions (see 253 
variance data in Table 1). The lower trace in Figure 3 depicts the separation of four dsDNA 254 
fragments from amplification reaction mixture-2 with calculated sizes of 399, 457, 504 and 591 255 
bp fragments (corresponding to the actual fragment sizes of 384, 437, 488 and 541 bp with better 256 
than 95% average accuracy) by the rapid CE-LEDIF based method (see variance data in Table 257 
1). In Table 1 the size (bp) of each multiplex PCR sample was calculated by Q-Expert software 258 
package (BiOptic) with the accuracy range of 2.4–9.2%. Furthermore the concentration of each 259 
DNA fragment was calculated based on their peak areas as listed in Table 1.  260 
 261 
3.3. Limit of detection (LOD) and detector linearity  262 
Figure 4, Panel A compares the resulting signal from the electropherograms after the injection of 263 
different concentration samples from 0.01 ng/ µL to as low as 0.002 ng/µL, this latter being the 264 
detection limit. In this instance the dilution of the 576 bp DNA fragment was done in water. 265 
When the detector linearity experiments were conducted with the same water diluted samples, 266 
the linear detection range was quite narrow (1.5 orders of magnitude) due to the effect of field 267 
amplification. Detection linearity was therefore determined by using a dilution series in sample 268 
buffer (BiOptic) in which case a linear detector response was obtained in a large interval of 0.08 269 
ng/µL to 10.0 ng/ µL with an R
2
 = 0.9997, as shown in Figure 4, Panel B and in Table 2. Again, 270 
we would like to emphasize that injection from water diluted samples results in much larger 271 
sample intake as the buffer co-ions do not compete with the sample molecules, resulting in 272 
excellent LOD. Sample concentration measurement on the other hand was more precise from 273 
buffer diluted samples as shown in Table 1.  274 
 275 
4. Conclusions 276 
Capillary gel electrophoresis is an automated, high-throughput DNA fragment analysis method 277 
that can be readily applied for the investigation of a large number of samples. In this paper we 278 
introduced a rapid CE-LEDIF based method in conjunction with multiplex PCR amplification for 279 
genotyping and haplotyping of two important, adjacent miRNA-binding sites (rs1046322 and 280 
rs9457) in the WSF1 gene. The separation performance of the system was demonstrated by 281 
ultrafast (<240 sec) and accurate (2.4–9.2%) sizing analysis of multiplex PCR samples, also 282 
exhibiting excellent detector linearity (R
2
=0.9997) from 0.08–10.0 ng/µL concentration. The 283 
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LOD of the system was 0.08 ng/µL for samples in dilution buffer and 0.002 ng/µL for samples in 284 
water. In summary, this CGE-LEDIF system is a sensitive and easy to use bio-analytical tool for 285 
automated haplotyping of a large number of clinical samples. 286 
 287 
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Figure Captions  373 
 374 
Figure 1. Schematic representation of the putative effect of the two SNPs on miRNA 375 
binding. Genotypes and haplotypes can be determined by allele-specific amplification using 376 
sense rs1046322- and antisense rs9457-specific primers in different combination in case of 377 
double heterozygote samples (Sample 1 and Sample 2). The four thick gray lines indicate the 378 
four haplotypes on the same chromosomes: A–C, G–G, A–G and G–C.           379 
 380 
Figure 2. Allele-specific multiplex PCR-based direct haplotype determination of the 381 
rs1046322 and rs9457 SNPs in the WSF1 gene. (A) Fragments expected in the presence of the 382 
sense rs1046322A- and the antisense rs9457C-specific primers in combination with the outer 383 
oligos. The 384-bp-long fragment was generated by rs1046322A and rs9457C primers and 384 
demonstrated the presence  of the A–C haplotype. (B) PCR products obtained in the presence of 385 
the rs1046322G- and rs9457G-specific primers in combination with the outer oligos. The 384-386 
bp-long product demonstrated the presence of the G–G haplotype. (C) Genotype and haplotype 387 
readings by agarose slab gel electrophoresis. M: 100 base pair DNA sizing marker; Lanes 1-2: 388 
PCR samples: A: 437, 488, 541 bp dsDNA fragments; B: 384, 437, 488, 541 bp dsDNA 389 
fragments from the multiplex amplification reaction. Separation conditions: 2% agarose gel in 1 390 
× TAE containing 0.5 µg/mL ethidium bromide; U=100V; t=45 min; room temperature.    391 
 392 
Figure 3. Capillary gel electrophoresis based fragment analysis of representative multiplex 393 
PCR amplicons.  Upper trace: DNA sizing ladder (M: 50 to 3000 bp) co-injected with the lower 394 
(M1 = 20 bp) and upper (M2 = 5000 bp) alignment markers; Middle and lower traces: 395 
representative PCR fragments of 1 and 2 were the same as in Figure 2, respectively, with the 396 
respective alignment markers. Separation conditions: marker and sample injection: 4kV/10sec; 397 
separation voltage 6 kV; capillary: 75-µm i.d., total length of 15 cm length (effective separation 398 
length: 11 cm); ambient temperature.    399 
 400 
Figure 4. LOD and detection linearity measurements. (A) Determination of the limit of 401 
detection (LOD) with a representative PCR fragment (576 bp) serially diluted in water compared 402 
to the sizing ladder. (B) Detection linearity study using the of the 576 bp PCR fragment serially 403 
diluted in the sample buffer. Separation conditions, sizing ladder and lower and upper alignment 404 
markers were the same as in Figure 3.  405 
 406 
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TABLES 
 
Table 1. Base pair accuracy determination and calculated concentrations of the multiplex 
PCR samples using CGE.     
 
1. PCR sample 
(Figure 3 middle trace) 
2. PCR sample 
(Figure 3 lower trace) 
Fragment 
(bp) 
Measured 
(bp) 
Variance 
(bp) 
Accuracy 
(%) 
Concentration 
(µg/µL) 
Fragment 
(bp) 
Measured 
(bp) 
Variance 
(bp) 
Accuracy 
(%) 
Concentration 
(µg/µL) 
- - - - - 384 399 15 3.9 1.65 
437 454 17 3.8 1.34 437 457 20 4.5 0.90 
488 500 12 2.4 4.16 488 504 16 3.2 4.04 
541 583 42 7.7 2.38 541 591 50 9.2 1.09 
 
 
 
 
Table 2. CGE Detector linearity of measured by injecting the 576 bp PCR sample in the 
10.00-0.08 ng/µL concentration range.    
 
  Detector linearity of the representative PCR sample  
 No 1. No 2. No 3. No 4. No 5. No 6. No 7. No 8. No 9. No 10. 
Concentration
(ng/µL)
1
 
10.0 5.00 2.50 1.00 0.80 0.50 0.40 0.20 0.10 0.08 
Average  
peak area
2
  
1898510 930498 487797 199921 160618 96405 65104 21230 15755 12894 
SD 21552 7487 23358 8014 748 2960 11572 2038 1589 1007. 
RSD% 1.13 0.80 4.78 4.00 0.46 3.07 17.77 9.60 10.08 7.81 
1
WFS1 PCR samples were diluted with dilution buffer. 
2
Average peak area was determined from triplicate 
measurements for each concentration.  
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